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(£) Compaction drill. 



A drill bit (10) is provided that is constructed 
and arranged to form a bore (22) in a bone (24) 
by cutting and moving bone fragments (26) to a 
wall (30) of the bore. The drill bit (10) includes 
an elongated shaft having a distal portion (12) 
and a proximal portion (14). The proximal por- 
tion (14) has a constant diameter. A cutting tip 
(16) is defined at the free end of the distal 
portion (12). A segment (18) of the distal portion 
(12) has transverse cross-sectional area less 
than that of the proximal portion (14). The distal 
portion segment (18) also includes a surface 
(21) to facilitate movement of the bone frag- 
ments (26) towards the proximal portion (14) of 
the shaft When the drill bit (10) enters the bone 
(24) so as to form the bore (22) and is moved an 
amount such that the distal portion (12) is 
disposed completely within the bore (22), a 
space (28) is defined between the wall (30) of 
the bore and a periphery of the segment (18) of 
the distal portion (12) which receives the bone 
fragments (26). Further insertion of the drill bit 
(10) into the bone (21)causes the bone frag- 
ments (26) to move along the surface (21 of the 
distal portion segment (18) to the outer cylindri- 
cal surface of the proximal portion (14) which 
compacts the bone fragments (26) against the 
wall (30) of the bore. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to fixation of a ten- 
don/bone graft during a surgical procedure and par- 
ticularly, to the formation of a bore in bone used in an- 
choring the bone/tendon graft 

2. Description of Related Art 

Anterior cruciate ligament reconstruction in- 
cludes replacing the ligament with a tendon/bone 
graft During arthroscopic knee surgery, for example, 
a surgeon can form a tunnel through the tibia, intra ar- 
ticular joint and femur to receive a bone-tendon-bone 
graft The graft must be adequately secured. Typically 
this is accomplished by tying sutures over ligament 
buttons, or by using staples, unioortical screw posts 
or interference screws. 

One conventional method of fixation of a ten- 
don/bone graft is to harvest a plug from the patellar 
tendon. Each plug of the bone-tendon-bone graft is 
harvested typically in semi-circular cross-section 
with a semi-circular gouge and is conventionally 
sized. Next, as shown in FIG. 1 , a graft socket 400 is 
drilled into bone 410 with a conventional twist drill bit 
420 which breaks-up bone fragments 430 and dis- 
charges those fragments from the socket 400. The 
bone fragments 430 are extracted from the socket 
since they move along the helical groove 440 of the 
drill bit 420 until the fragments exit the socket, as 
shown by the arrows F in FIG. 1. The plug is then in- 
serted into the socket and fixed therein, preferably by 
a screw. The sockets created during the conventional 
extraction drilling process are thin-walled, having 
open, exposed marrow elements, which limit the like- 
ly success of the mechanical fixation of the graft, 
since the chances of screw migration, divergence, 
and convergence are increased. 

SUMMARY OF THE INVENTION 

The preferred and exemplary embodiment of the 
present invention includes a drill bit for forming a bore 
in a bone and simultaneously compacting the bone 
fragments against the wall of the bore. In accordance 
with the principles of the present invention, the drill bit 
includes an elongated shaft having a distal portion 
and a proximal portion. The proximal portion has a 
constant diameter. A cutting tip is defined at the free 
end of the distal portion of the shaft. The cutting tip 
is joined with the proximal portion by a segment of the 
distal portion which has a transverse cross-sectional 
area less than that of the proximal portion. The distal 
portion segment includes a surface to facil itate move- 
ment of the bone fragments towards the proximal por- 
tion of the shaft When the drill bit enters the bone to 



form the bore and reaches a position wherein its distal 
portion is disposed completely within the bore, a 
space is defined between the wall of the bore and the 
periphery of the segment the distal portion which is of 

5 lesser cross-sectional area than the bifs proximal 
portion. Bone fragments removed during drilling are 
retained in the space. Further insertion of the drill bit 
into the bone causes the bone fragments to move 
along the distal portion towards the proximal portion. 

10 The proximal portion has a periphery constructed 
and arranged to compact the bone fragments against 
the wall of the bore, thereby thickening and strength- 
ening the bore wall. 

A further aspect of the present invention is a 

is method for forming a bore in bone which includes the 
steps of initiating a bore in bone utilizing a drill bit, ad- 
vancing the drill bit further into the bone to lengthen 
the bore, preventing fragments of the bone created 
by advancing the drill bit from exiting the bore by trap- 

20 ping the bone fragments between a wall of the bore 
and a periphery of a segment of the drill bit, advancing 
the drill bit further into the bone so that a shaft portion 
of the drill bit compacts the bone fragments against 
a portion of the bore wall, thereby thickening the por- 

25 tion of the bore wall, and removing the drill bitfrom the 
bore. 

With the foregoing in mind, other objects, fea- 
tures and advantages of the present invention will be- 
come more apparent upon consideration of the follow- 
so ing description and appended claims with reference 
to the accompanying drawings, all of which form a 
part of this specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

FIG. 1 is a side elevational view of a conventional 
twist drill bit shown creating a bore in a bone by 
conventional extraction drilling, 
FIG. 2 is an enlarged side elevational view of a 
40 compaction drill bit according to the present in- 
vention; 

FIG. 3 an enlarged side elevational view of the 
compaction drill bit of FIG. 2, shown creating a 
bore in bone by compaction drilling in accordance 

45 with the invention; 

FIG. 4 is an enlarged side elevational view of a 
second embodiment of a compaction drill bit ac- 
cording to the present invention; 
FIG. 5 is an enlarged perspective view of a distal 

so portion of a third embodiment of a compaction 
drill bit provided in accordance with the principles 
of the present invention; and 
FIG. 6 is an enlarged side elevational view of the 
compaction drill bit of FIG 5. 

55 



2 



3 



EP 0 666 059 A2 



4 



DESCRIPTION OF THE PREFERRED 
EXEMPLARY EMBODIMENTS 

FIG. 2 shows a compaction drill bit, generally in- 
dicated at 10, provided in accordance with the princi- s 
pies of the present invention. The drill bit 10 includes 
an elongated shaft having a distal portion 12 and a 
proximal portion 14. The proximal portion 14 has a 
constant diameter A and merges with the distal por- 
tion 12. A cutting tip 16 is defined at the free end of 10 
the distal portion. A maximum diameter B of the cut- 
ting tip 16 is substantially equal to diameter A of the 
proximal portion 14. 

As shown in FIG. 2, a segment 18 of the distal 
portion 12 has a diameter which gradually increases 15 
from where it joins the tip 16 towards the location 
where segment 18 merges with proximal portion 14. 
Thus, segment 18 includes transverse cross- 
sectional areas which are less than the maximum 
cross-sectional area of the tip 1 6 or that of the proxi- 20 
mat portion 14. The purpose of this feature will be- 
come apparent below. In the illustrated embodiment, 
the tip 16 at the distal portion 12 is of conventional 
acorn-shape having a pointed end. A plurality of cut- 
ting edges 20 are disposed about the periphery of the 25 
tip 16. The total length C of the distal portion 12 is ap- 
proximately 1 to 2 centimeters. 

With reference to FIG. 3, the compaction drill bit 
10 illustrated in FIG. 2 is shown forming a bore 22 in 
bone 24. Rotation of the drill bit 1 0 causes bone frag- 30 
ments 26 to be cut by the cutting tip 16 entering the 
bone. As the drill bit 10 is advanced to lengthen the 
bore, the bone fragments 26 collect in the space 28 
defined between wall 30 of the bore and the periphery 
of segment 18 of the distal portion 12. Since the prox- 35 
imal portion 14 has a diameter substantially equal to 
that of the bore 22, the bone fragments 26 are trap- 
ped in space 28 and cannot escape from the bore 22, 
as in conventional extraction drilling. 

The segment 18 of distal portion 12 has a tapered 40 
surface 21 (FIG.2) which directs bone fragments 26 
towards the proximal portion 14. As the drill bit 10 is 
advanced within the bone 24, the bone fragments 26 
directed towards the proximal portion 14 by surface 
21 are compacted against the wall of the bore 30 as 45 
they are contacted by the outer cylindrical surface of 
the proximal portion 14 of bit 10. The continued pen- 
etration of the rotating proximal portion 14 smooths 
and compacts the bone fragments 26 to create a 
thickened bore wall 32 from the drill bit 10 entry site so 
to the extent that portion 12 extends within the bore 
22. Another embodiment of a compaction drill bit ac- 
cording to the invention is shown in FIG. 4. As shown, 
the compaction drill bit 100 includes an elongated 
shaft having a distal portion 112 which merges with a 55 
proximal portion 114. The proximal portion 114 has a 
constant diameterA. A cutting tip 116 is defined at the 
free end of the distal portion, the tip having a maxi- 



mum diameter B which is substantially equal to diam- 
eter A of the proximal portion 114. The distal portion 
is formed with a cutting element 122 which defines a 
helical groove 120. The length C of the distal portion 
is approximately 1 to 2 centimeters. When the distal 
portion 112 is entirely within a bore drilled in a bone, 
a space exists between the groove 120 and the wall 
of the bore. As is the case with the embodiment of 
FIG. 2, this space provides a collection chamber to 
trap the fragments of cut bone. The cutting element 
122 of distal portion 112 directs the bone fragments 
towards the proximal portion 114 of the shaft during 
drilling so that, as explained above, the bone frag- 
ments are compacted by the outer cylindrical surface 
of the proximal portion 114 so as to thicken the bore 
wall. 

A third embodiment of the drill bit according to the 
present invention is shown in FIGS. 5 and 6. More 
particularly, the compaction drill bit 200 includes an 
elongated shaft having a distal portion 212 and a 
proximal portion 214. The proximal portion 214 has a 
constant diameter A and merges with the distal por- 
tion 212. A cutting tip 216 is defined at the free end 
of the distal portion 212, with a maximum diameter B 
thereof being substantially equal to diameter A of the 
proximal portion 214. The tip 216 includes a concave 
surface 220 for cutting harder bone, such as the cort- 
ical bone, prior to entering softer cancellous bone. 
The cutting tip 216 also includes a convex surface 
222 which moves softer bone to surface 224 of the 
distal portion 212. Surface 224 defines a recessed 
segment of distal portion 212 which is deepest at the 
tip 21 6 and gradually decreases in depth until it merg- 
es with the proximal portion 214. As in the previous 
embodiments, the length C of the distal portion is ap- 
proximately 1-2 centimeters. 

When the drill bit 200 is employed to form a bore 
in bone, the concave surface 220 removes bone as 
fragments, and the convex surface 222, together with 
surface 224, move the bone fragments to the outer 
cylindrical surface of the proximal portion 214 where 
the bone fragments are compacted against the bore 
wall to thicken the wall, as explained above. 

It can be appreciated that a variety of cutting tips 
may be employed in accordance with the principles of 
the present invention. A bore formed by the compac- 
tion drilling method of the present invention has dens- 
er and thicker bore wall than a bore formed by con- 
ventional extraction drilling. 

Drills according to the present invention may be 
used to compact soft or hard bone. Moreover, a series 
of drill bits having gradually increasing diameters may 
be used to form the bore, rather than using one drill 
bit of the desired diameter as described above. 

Onoe the formation of a bore by compaction drill- 
ing is accomplished, the end of the tendon/bone graft 
may be disposed in the bore and a screw or the like 
may be used to secure the end of the graft to the 
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bone. The compacted wall of the bore provides en- 
hanced resistance to pull-out of a screw or other fix- 
ation device used to secure the graft Fixation 
strength is increased since bone has a memory, i.e., 
as it is displaced by compaction, the bone has a ten- 5 
dency to return to its previous position and thus, se- 
curely hold the fixation device. Further, the bone is 
thicker at the bore walls than is normal for cancellous 
bone. Thus, stronger fixation is achieved since great- 
er torque may be employed when inserting the f ixa- 10 
tion device. 

When comparing the biological fixation of a ten- 
don/bone graft using a bore formed by the compac- 
tion drilling method of the present invention and one 
formed by conventional extraction drilling, it has been 15 
observed that when formed by the extraction drilling 
method, wherein bone fragments are removed from 
the bore, the bore was lined with fibrous tissue three 
weeks after the procedure. Moreover, the bone was 
not in contact with the inserted graft, and the walls of 20 
the bore were thin and broken and adjacent bone mar- 
row was fatty and not reactive. In comparison, a bore 
formed by the compaction drilling method showed no 
fibrous tissue lining after three weeks. The bone was 
in direct and complete contact with the graft, and the 25 
walls of the bore were substantially thicker than the 
walls of a bore formed by the extraction drilling meth- 
od. Additionally, the adjacent bone marrow was pro- 
liferative. 

After sjx weeks, the bore formed from the extrao- 30 
tion drilling method still had a fibrous lining, although 
the bone reacted to form better contact around the 
graft than at three weeks. The adjacent bone marrow 
has reacted. In comparison, the bore formed by the 
compaction drilling method showed thick bone sur- 35 
rounding the device six weeks after the procedure. 
The walls were thicker than walls of the bore formed 
by the extraction method, and the marrow was reac- 
tive. 

After nine weeks, the bore formed by extraction 40 
drilling appeared the same as it was at six weeks. 
However, the bore formed by compaction drilling 
showed secondary biological proliferation of bone 
around the bore, increasing the bone thickness by en- 
chondral ossification. 45 

The above-described methods of forming a com- 
pacted bore in bone have may uses. For example, as 
discussed above, the methods may be utilized to fix 
screws in bone for such procedures as cortical can- 
cellous hip fractures, fractures and graft fixation . The so 
methods may also be used with screws combined 
with rods or plates. The methods of forming compact- 
ed bores of the invention are suitable for joint replace- 
ment, such as total hip replacements, total knee re- 
placements, total elbow replacements and total wrist 55 
replacements. Further, the methods may be utilized 
in bone grafting procedures for the following condi- 
tions: osteochondritis dissecans; osteonecrosis; and 



fractures, such as depressed tibial plateau, hip, intra- 
articular fractures, non-union fractures or mal-union 
fractures. The methods also may be employed in 
marrow stimulation, such as treatment of myeloblas- 
ts disease, bone marrow transplants, autoimmune 
disease, cancer treatments such as leukemia, ane- 
mias, growth factors, growth hormones, tissues stim- 
ulation factors, and in cell culture procurement Other 
uses of compacted bores are enchondral ossification, 
such as bone grafting, bone growth factors, bone 
stimulation factors and bone transplantation. 

It will be appreciated that the compaction drilling 
method of the present invention may be used in con- 
junction with devices such as those disclosed in ap- 
plicant's U.S. Patent Application No. 08/111,970 filed 
on August 26, 1993 which is a continuation of Serial 
No. 07/848,546 filed on March 9, 1992, the disclo- 
sures of which are hereby incorporated hereinto by 
this reference. For example, the bone surrounding the 
graft socket or bore 22 (FIG. 3) may be further com- 
pacted and enlarged by inserting a sizing instrument 
having a larger diameter than the selected drill bit 10 
into the bore 22. The appropriate sizing instrument 
preferably is tubular with a blunt forward end having 
rounded edges. A blunt forward end is preferable 
since compaction at the bottom of the bore may thus 
be accomplished. Once the appropriate bore size is 
obtained, a bone plug may be inserted into the bore, 
for example, in a bone tendon/bone graft and secured 
by a screw or the like. 

It will be appreciated that drill bit of the invention, 
and its use in forming a bore in bone, provide a bore 
having a thickened wall for increased mechanical fix- 
ation. Of course, the drill bit may be manually or motor 
operated. 

While the invention has been described in accor- 
dance with what is presently considered to be the 
most practical and preferred embodiment, it is to be 
understood that the invention is not to be limited to the 
disclosed embodiment, but on the contrary, is intend- 
ed to cover various modifications and equivalent ar- 
rangements included within the spirit and scope of the 
appended claims, which scope is to be accorded the 
broadest interpretation of such claims so as to en- 
compass all such equivalent structures. 



Claims 

1. A drill bit (10) constructed and arranged to form 
a bore (22) in a bone (24) by cutting the bone (24) 
and compacting bone fragments (26) along a wall 
(30) of said bore (22), said drill bit (10) compris- 
ing: 

an elongated shaft having a distal portion (12) in- 
cluding a cutting element (1 6) at a free end there- 
of, and a cylindrical proximal portion (14) having 
a constant diameter; and 
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a segment (18) of said distal portion (12) merging 
with said proximal portion (14) and having a 
transverse cross-sectional area less than a 
transverse cross-sectional area of said proximal 
portion (14) so as to define a space (28) between 
said wall (30) of the bore (22) and said segment 
(18) for receiving bone fragments (26) cut from 
said cutting element (16), said distal portion seg- 
ment (18) including a surface (21) configured to 
facilitate movement of said bone fragments (26) 
from said space (28) towards the proximal por- 
tion (14) of said shaft 

2. A drill bit (10) according to claim 1, wherein said 
cutting element is an acorn-type tip (16), said dis- 
tal portion segment (18) being tapered so as to 
gradually increase in transverse cross-section 
area in a direction from said tip (16) toward said 
proximal portion (14) of said shaft 

3. A drill bit (100) according to claim 1, wherein said 
distal portion segment (118) includes a helical 
groove (120). 

4. A drill bit (200) according to claim 1 , wherein said 
cutting element (216) includes a convex surface 
(222) and a concave surface (220) and wherein 
said surface (224) of the distal portion (212) seg- 
ment defines a recess, said recess decreasing in 
depth from said cutting element (216) in a direc- 
tion towards said proximal portion (214). 

5. A drill bit (10) according to claim 1, wherein said 
distal portion (12) is approximately two centime- 
ters in length. 

6. A method of forming a bore (22) in bone (24) com- 
prising the steps of: 

initiating a bore (22) in said bone (24) utilizing a 
drill bit (10); 

advancing said drill bit (10) further into said bone 
(24) to lengthen said bore (22); 
preventing fragments (26) of said bone created 
by advancing said drill bit (10) from exiting said 
bore (22) by trapping said bone fragments (26) 
between a wall (30) of said bore (22) and a per- 
iphery of a portion of said drill bit (10); 
advancing said drill bit (10) further into said bone 
(24) so that a shaft portion of said drill bit (10) 
compacts said bone fragments against and along 
a portion of said bore wall (30), thereby increas- 
ing the density of said portion of said bore wall 
(30); and 

removing said drill bit (10) form said bore (22). 

7. A method of forming a bore (22) in bone (24) ac- 
cording to claim 6, further comprising the step of. 
additionally compacting and enlarging the bore 



(22) following removal of the drill bit (10) by in- 
serting into the bore (22) a sizing instrument hav- 
ing a larger diameter than that of said drill bit (10). 
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